Cu ing Stock Problem (CSP) is a problem of cu ing stocks with certain cu ing rules. This study used the data of rectangular stocks, which cut into triangular shape items with various order sizes. The Modified Branch and Bound Algorithm (MBBA) was used to determine the optimum cu ing pa ern then formulated it into the 3-Phase Matheuristic model which consisted of constructive phase, improvement phase, and compaction phase. Based on the results, it showed that the MBBA produces three optimum cu ing pa erns, which was used six times, eight times, and four times respectively to fulfill the consumer demand. Then the cu ing pa erns were formulated into the 3-Phase Matheuristic model whereas the optimum solution was the minimum trim loss for the first, second and third pa erns.
INTRODUCTION
Raw materials are important in the production process where the material will be converted into desired goods and then sold. Production activities require a variety of raw materials, including paper, wood, yarn, marble and so on. The cutting problem in optimization is known as the Cutting Stock Problem (CSP). CSP is divided into three types namely one-dimensional CSP, twodimensional CSP, and three-dimensional CSP. These three types of CSP are not only seen from the cutting results but also the residue, which is called trim loss. The smaller of the trim loss obtained, the objective function will be more optimum. Cutting patterns with the smallest trim loss will be used as the optimum cutting pattern.
This research discusses two-dimensional CSP. Rodrigo et al. (2012) created the Pattern Generation algorithm to nd cutting patterns. Then, they improved the algorithm to become Modi ed Branch and Bound Algorithm (Rodrigo et al., 2013) . Octarina et al. (2017) explained that in a two-dimensional CSP, the cutting pattern was seen in terms of the length and width of the raw material. CSP is known as cutting raw materials into smaller forms or it also can be interpreted as one of the optimization methods by minimizing the remaining raw materials and maximizing the pro ts (Rodrigo and Shashikala, 2017) . Previous research about two-dimensional CSP has been done, but most of the item was in square or rectangle. Bangun et al. (2019) implemented a branch and cut method on the n-sheet model in solving twodimensional CSP. Octarina et al. (2018) implemented the Pattern Generation algorithm in forming Gilmore and Gomory model for two-dimensional CSP. Then the research was developed to multiple stock sizes .
In this research, we cut the stock into a triangular shape. Cherri et al. (2016) explained that in the 3-Phase Matheuristic model, there were 3 phases including a constructive phase which is useful to get an initial solution, an improvement phase to improve the initial solution and a compaction phase to increase the initial solution to best solution. The 3-Phase Matheuristic model has 2 models namely the Dotted Board model that has been described by Gomes and Oliveira (2006) and the Mixed Integer Linear model that has been described by Toledo et al. (2013) . The Dotted Board model is in the constructive and improvement phases. Whereas the Mixed Integer Linear model is in the compaction phase.
This study used data from Rodrigo et al. (2013) that cut raw materials into triangular items of various sizes but they used the Gilmore and Gomory model. Based on this background, this study used the Modi ed Branch and Bound Algorithm to nd cutting patterns then modeled them to a 3-Phase Matheuristic model.
EXPERIMENTAL SECTION

Method
Steps in this research are as follows:
1. Describe the length and the width of the stock includes the side length of triangular items.
De ne the variables and parameters as follows:
L is the length of stock, L= 50 cm W is the width of stock, W=15 cm l i is the length of item i, where i=1,2,3,4 so l 1 =40,25,8,4 cm w i is the width of item i, where i=1,2,3,4 so w i =13,12,5,2 cm e i is the width of item i, where i=1,2,3,4 so e i =30,24,2,2 cm d t =0 or 1 whereas 1 if the reference point of item t is positioned in d and 0 if otherwise t is the number of item d is the positioned of item 3. Find cutting patterns using the Modi ed Branch and Bound Algorithm 4. Formulate the 3-Phase Matheuristic Model by:
• De ne the objective function to nd the minimum initial solution using the Dotted Board Model. • Improvise the initial solution using the Dotted Board
Model. • Get the best solution using the Mixed Integer Linear Model. 5. Solve the 3-Phase Matheuristic Model.
RESULTS AND DISCUSSION
Modi ed Branch and Bound Algorithm
The data of item size and the number of demand for each item can be seen in Table 1 . These cuts can be categorized as non-oriented cuts, where cuts between the length and width can be reversed. All cutting patterns that were generated from the Modi ed Branch and Bound Algorithm can be seen in Table 2 .
Based on Table 2 , there are 28 cutting patterns in the form of triangular items. Next, the optimal pattern will be chosen by looking at a minimal trim loss. The 20th pattern only ful lls the 3rd item and 4th item. So to get the 1st item and 2nd item, the pattern which has a minimum trim loss is taken to produce the item. The optimal pattern can be seen in Table 3 .
Based on Table 3 . three optimal patterns have a minimal trim loss which can then be used on the model. Furthermore, the 14th cut is called the 1st pattern, the 17th cut is called the 2nd pattern and the 20th cut is called the 3rd pattern. After obtaining the optimal cutting pattern, then the pattern can be made according to the existing cutting pattern. Furthermore, to meet the demand for item 1, the 1st cutting pattern is used. Items 2 are ful lled by using 6 times of the rst pattern and 8 times of the second pattern. Items 3 are ful lled by using 4 times of the third pattern. Items 4 are ful lled by using 6 times of the rst pattern, 8 times of the second pattern, and 4 times of the third pattern. 
3-phase Matheuristic Model
This formulation has 3 phases including the constructive phase, improvement phase, and compaction phase. This research assumes that item rotation is allowed but the values of l i , w i and e i are assumed not to change even though the item has a rotation. The board used is rectangular with a length of L= 50 cm and a width of W=15 cm (50.15) where there are 4 types of items placed on the board.
3-Phase Matheuristic Model For The First Pattern
The constructive phase for the rst pattern can be seen in Model (1). Minimize Constraint (1.a) and (1.b) in Model (1) indicate that there are 1 piece each of rst item and second item which positioned in board. Constraint (1.c) indicate that there are 43 pieces of item 4. Constraints (1.d), (1.e) and (1.f) limit the displacement between variables along the width. Constraints (1.g) indicate that each item placed on the board does not overlap one another. Constraints (1.h) indicate that each item is positioned on the board.
The improvement phase for the rst pattern can be seen in Model (2).
3-Phase Matheuristic Model For The Second Pattern
The constructive phase for the second pattern can be seen in Model (4). Minimize
Constraint (4.a) in Model (4) indicate that there are 3 pieces of second item which positioned in board. Constraint (4.b) indicate that there are 33 pieces of item 4. Constraints (4.c) and (4.d) limit the displacement between variables along the width. Constraints (4.e) indicate that each item placed on the board does not overlap one another. Constraints (4.f) indicate that each item is positioned on the board.
The improvement phase for the second pattern can be seen in Model (5).
Minimize (4)
3-Phase Matheuristic Model For The Third Pattern
The constructive phase for the third pattern can be seen in Model (7). Minimize Constraint (7.a) in Model (7) indicate that there are 22 pieces of third item which positioned in board. Constraint (7.b) indi-cate that there are 5 pieces of item 4. Constraints (7.c) and (7.d) limit the displacement between variables along the width. Constraints (7.e) indicate that each item placed on the board does not overlap one another. Constraints (7.f) indicate that each item is positioned on the board.
The improvement phase for the second pattern can be seen in Model (8).
Minimize (7) Constraint (8.a) in Model (8) indicate that each item is positioned in the board. The compaction phase for the second pattern can be seen in Model (9). Minimize (7) Constraints (9.a) indicate that each item placed on the board does not overlap one another. Based on the 3-Phase Matheuristic model, the minimum trim loss from the rst pattern, second pattern and third pattern are 1,774 cm 2 , 1749 cm 2 , and 980 cm 2 , respectively which used to minimize the use of stock length and width.
CONCLUSIONS
From the result and discussion, it can be concluded that 3 optimal cutting patterns were got from Modi ed Branch and Bound
